INTRODUCTION
THE electrocardiogram was introduced to clinical medicine in 1915, and in 1918 it was first used to study the patient under anaesthesia (Krumbhaar, 1918; Heard and Strauss, 1918) .
The vagal effects of anaesthetic drugs have since been studied in many papers on electrocardiography during anaesthesia (Lennox et al., 1922; Wachsmuth and Eismeyer, 1928; Ward and Wright, 1929; Hill, 1932a, b; Kurtz et al., 1936) but it was not until 1940 that electrocardiographic effects of intubation were investigated (Reid and Brace, 1940) . In 10 of the 35 cases which were studied under cyclopropane anaesthesia there were indisputable reflex effects upon the heart. The e.c.g. changes included extrasystoles (auricular and ventricular), delayed conduction time and slowing of the heart.
Cases of cardiac anest due to vagal reflexes fired off by the insertion of pharyngeal or endotracheal tubes have been described (Waters and Gillespie, 1944; Nosworthy, 1948; Gillespie, 1948; Smith and Nolan, 1950; Scurr, 1950; Dale, 1952) . These accidents apparently were not confined to cyclopropane or thiopentone anaesthesia but might occur with all types of general anaesthesia.
Burstein and others have extensively investigated the e.c.g. disturbances during intubation (Burstein et al., 1950a, b; 1951; Peters et al., 1951; Arcuri et al., 1953; Rosner et al., 1953; Dance et al., 1956 ). Under various anaesthetics over 60 per cent of patients showed transitory changes consisting of sinus tachycardia, sinus bradycardia, premature ventricular contractions, ventricular tachycardia and bigeminal ventricular tachycardia, auricular fibrillation, nodal rhythm, heart block, increase in the PR interval, decrease in voltage of the T wave and depression of the ST segment.
Insufficient depth of anaesthesia, hypoxia and hypercarbia were associated with these disturbances.
When general anaesthesia was complemented by topical analgesia of the pharynx and larynx with 5 per cent aqueous solution of cyclaine, e.c.g. disturbances occurred in only 14 per cent of cases at the time of intubation.
When hexobarbitone sodium was used for induction it was found that the incidence of cardiac arrhythmias on intubation was less than 1 per cent but without hexobarbitone there was an incidence of 28 per cent.
It was demonstrated (King et al., 1951 ) that direct laryngoscopy or tracheal intubation undei light general anaesthesia was capable of producing decided circulatory effects characterized by a rise in blood pressure and an increase in heart rate.
It was shown (Johnstone, 1952) that it was possible to intubate a patient without causing any cardiac upset if moderately deep cyclopropane anaesthesia was used-As a result of observations carried out during 2,000 endotracheal intubations it was suggested that cardiac arrythmias which follow intubation were due either to vagal release following the escape of anaesthetic agents from the lungs or to partial asphyxia as the result of bronchospasm precipitated by the insertion of tubes into inadequately anaesthetized patients.
In a series of 52 cases, nodal rhythm occurred immediately after intubation in 1 case (Fisher and Windsor, 1952) . Of 41 patients studied in another series, 1 developed bigeminal rhythm and 2 a nodal rhythm during intubation (Converse et al., 1952) .
In a series of 230 cases (Stephen et al., 1953 ) 20 showed the following e.c.g. changes after insertion of the endotracheal tube: shortening of the PR interval in 1 case, nodal rhythm in 2 cases,
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Downloaded from https://academic.oup.com/bja/article-abstract/29/8/363/357464 by guest on 20 January 2019 decreased QRS voltage in 1 case, depressed T wave in 8 cases, premature ventricular contractions in 6 cases and bigeminal rhythm in 2 cases. It was found that cardiac arrhythmias were less frequent with gallamine than with the other relaxants which included tubocurarine, suxamethonium and benzoquinonium.
It was shown (Phillips, 1954 ) that suxamethonium used for endotracheal intubation produced cardiac irregularities including auricular standstill, nodal rhythm, ventricular extrasystoles and bradycardia as low as 40 beats a minute followed by tachycardia as high as 140 beats a minute.
In e.c.g. studies carried out during 110 intubations under cyclopropane anaesthesia changes in cardiac rhythm were observed in 4 instances (Denson and Joseph, 1954) . Ventricular rhythm occurred simultaneously or within 3 seconds of the introduction of the endotracheal airway, but in each instance the presence of asphyxia could not be ruled out.
It was demonstrated (Johnstone, 1955 ) that ventricular extrasystoles occurred in 2 of 25 patients intubated under gallamine, and in 7 of 25 patients intubated under tubocurarine, but no such changes were observed in 25 cases intubated under suxamethonium. One patient developed a deep depression of T2 during intubation under gallamine and persisted for 7 minutes until normal respiration returned.
In an ex.g. study of 219 patients undergoing surgical anaesthesia with various agents the most common sequel to intubation was tachycardia (Horton, 1955) . This occurred in 181 cases, in 3 there was no change and in the remaining 35 there was slowing of the pulse rate. Extrasystoles were seen at or after intubation in 18 cases. The ectopic beats were ventricular in 14, AV nodal in 1, and auricular in 3 cases, but no marked evidence of either cardiac irritation or inhibition was seen.
In a study of 121 patients who were intubated following induction with thiopentone and relaxation with tubocurarine it was found that intubation produced arrhythmias in 9 per cent of well oxygenated and in 36 per cent of hypoxic patients (Jacoby et al., 1955) .
These various e.c.g. changes, some trivial and some of more serious import stimulated us to study in detail all the components of the e.c.g. during intubation and inflation of the cuff in a series of 40 cases.
MATERIAL AND METHODS
Of the 40 cases, 19 were females and 21 males. Their ages ranged from 18 to 71 years and their weights ranged from 6 st. 6 lb. (40.9 kg) to 14 st. 4 lb. (89 kg). Thirty-seven were normotensive and 3 were hypertensive. All had a normal preoperative haemoglobin concentration.
Premedication consisted of various drug and dosage combinations, but the majority received either papaveretum or pethidine and scopolamine, and 13 received chlorpromazine in addition.
All were induced with 2^ per cent thiopentone injected slowly, the dose ranging from 175 mg to 500 mg. Prior to intubation all received a relaxant drug; 30 received gallamine in a dose ranging from 80 to 140 mg, 6 received suxamethonium in a dose ranging from 5 to 100 mg, and 4 received tubocurarine in a dose ranging from 20 to 35 mg.
Prior to intubation 37 received pethidine intravenously in a dose ranging from 50 to 100 mg and of these 11 received hexamethonium iodide in addition, in a dose ranging from 30 to 100 mg (table I) .
Standard lead e.c.g.s were taken before and after induction of anaesthesia, after the relaxant and after the pethidine and the hexamethonium (when these were used), during intubation, during inflation of the cuff and after inflation of the cuff. These were recorded on an Elmquist triplex machine. Prior to intubation each patient was ventilated with 100 per cent oxygen for 3-5 minutes. This was done to avoid hypoxia and CO, accumulation on the one hand, and, on the other, to allow the relaxant and the pethidine and the hexamethonium (in the cases in which these drugs were used) to have time to circulate and to take effect. Each patient was ventilated with 100 per cent oxygen during inflation of the cuff again to avoid hypoxia and CO 2 accumulation and also to assess when the cuff was adequately inflated. The size of the tube chosen was the largest that would pass without trauma, and to facilitate its introduction a metal stylet was used. Blood pressure and pulse rates were recorded before and after induction, before intubation, on intubation, Dose   mg  120  50  140  120  50  80  120  120  80  120  100  120  140  120  50  100  140  100  120  140  140  140  140  120  140  120  120  140  35  120  30  20  120  140  120  140  120  140  30 on inflation of cuff, and after inflation of the cuff.
In addition to changes in blood pressure and pulse rate, changes in the various components of the e.c.g. were also sought. These included changes in the P wave, PQ, QRS and QT intervals, QRS voltage, axis rotation and ST and T wave changes. Practically every case showed minor changes in all the components of the e.c.g. but of the voltage changes only those of 1 mm or more were recorded. In one case (No. 29) ventricular extrasystoles were present prior to intubation, but these disappeared after intubation.
The first and second e.c.g. tracings after inflation of the cuff were also examined for changes in the various components. The first was usually under 5 minutes and the second under 10 minutes after inflation. Changes occurring in these tracings were only reported in the tables where it was felt that the changes were in fact due to intubation and inflation of the cuff.
In themselves none of the QRS interval changes was significant, but as the QRS interval forms part of the QT interval it is important to consider even minor changes in the QRS interval when deciding whether or not diere is a significant change in the QT interval.
All the QTc intervals (i.e. QT intervals corrected for pulse rate) were within normal limits, but those showing a change of 0.04 second or more on intubation or inflation of the cuff are listed in table IHA.
DISCUSSION

Pressor Response.
No pressor response to intubation or inflation of the cuff was observed in any of the 11 cases receiving hexamethonium prior to intubation, suggesting that this drug produces an effective autonomic blockade. The dosage ranged from 3 to 10 mg per stone (6.3 kg) body weight.
Chlorpromazine on the other hand when given as premedication in a dosage of approximately 5 mg per stone (6.3 kg) body weight failed to prevent a pressor response in the 13 cases in which it was used. Case no. 16 (table I) illustrates how severe the pressor response can be under light anaesthesia in the absence of hexamethonium.
Pulse Rate.
The pulse rate increased by more than 10 beats per minute on intubation or inflation of the cuff in 22 of the 40 cases. Seven of the 11 cases receiving hexamethonium, and 7 of the 13 cases receiving chlorpromazine showed this increase (tables I and IB).
In one case (no. 5) a decrease of more than 10 beats per minute occurred on intubation.
P Wave Changes.
These occurred in 7 cases (table II) , 2 (nos. 22, 36) on intubation when the P wave was depressed; 4 on inflation of the cuff (nos. 15, 18, 20, 38) ; and 1 on the first reading after inflation of the cuff (no. 1). In case no. 38 the P wave disappeared with the establishment of nodal rhythm on inflation of the cuff.
PQ, QRS and QT Intervals.
The PQ intervals (table HI) varied, but with the exception of case no. 38, the changes were related to alterations in pulse rate as would be expected, i.e. the faster the pulse rate the shorter the PQ interval, and were of no significance.
The QRS intervals changed but not sufficiently to be significant. The QTc intervals (tables III, Ula) also varied, but these variations were all wkbin normal limits.
The QTc interval was shortened on intubation in 5 cases (nos. 6, 10, 11, 32, 40) and on inflation of the cuff in 6 cases (nos. 4, 6, 11, 12, 22, 33) . These changes are most likely due to vagal stimulation.
The QTc interval was prolonged on intubation in 4 cases (nos. 12, 28, 35, 38) and on inflation of the cuff in 1 (no. 10). These changes are possibly due to sympathetic stimulation. All received gallamine and the vagolytic action of this relaxant may result in a relative sympathetic stimulation.
Axis Rotation.
From a perusal of the literature it would appear there are no previous studies of the axis rotation, using the three standard leads, in relation to intubation and inflation of the cuff.
On intubation, 17 cases showed no axis rotation, 18 negative axis rotation, and 5 positive axis rotation. For the 40 cases the average deviation was -0.5 in the scale adopted, which corresponds to about -3°. In 4 cases (nos. 7, 22, 29, 32) the axis rotation produced on intubation appeared to persist during inflation of the cuff (table V) .
On inflation of the cuff 18 of the remaining 36 cases showed no axis rotation, 13 showed positive rotations and 5 showed negative rotations.
Again the average rotation was approximately 0.5 on the scale adopted which corresponds to + 3°.
In 4 cases (nos. 2, 3, 25, 36) there appeared to be a delayed effect produced by intubation, and in 9 cases (nos. 4, 11, 12, 16, 24, 27, 28, 30, 35 ) the rotation produced by inflation of the cuff persisted and in some cases was larger on the first reading after inflation of the cuff.
One case (no. 39) showed an anomalous result between the reading on inflation of the cuff and the first reading after inflation of the cuff.
Six cases (nos. 8, 14, 20, 21, 37, 40) showed no axis rotation effects during the period investigated.
Single lead changes may give an erroneous impression of certain changes which the three leads considered together clarify and show to be only changes in electrical axis. Johnstone (1956) has noted axis changes due to other causes such as certain postures, thoracotomy, complete curarization and controlled ventilation with deep inflation.
The mechanism of the axis rotation is not clear but it is not related to changes in pulse rate, blood pressure or drugs. Amongst the possibilities are the effect of the metal stylet acting as an induced electrical dipole; a study of the relation between the axis rotation and the initial axis inclination showed that any such effect must only be small and was certainly masked in this investigation by other effects.
No correlation was found between the pressor response to intubation and the axis rotation.
Neither was any correlation found between axis rotation and the administration of hexamethonium or chlorpromazine.
As the relaxant used in the majority of cases was gallamine the number of cases receiving other relaxants was small; this means it would only be possible to detect gross changes in the axis rotation response to the relaxant used. No such change was found.
QRS Electrical Vector.
Instead of studying the QRS complex as seen in the individual leads the true QRS vector has been considered. In only 8 cases were significant changes found and 6 of these were on the first reading after the inflation of the cuff and 2 on inflation of the cuff (table IV) . The latter 2 cases were associated with marked axis rotation whereas no marked rotation occurred in the other 6 cases. Clearly, observations in a single lead will cause apparent changes in QRS voltage when axis rotation occurs.
In fact it appears that very little change in the magnitude of the QRS vector occurs on either intubation or inflation of the cuff; it is possible that the 6 cases where changes occurred on the first reading after inflation of the cuff were due to other causes. 10°8   4°4  8°3  4°2  0°5   7°5  5°9  6°3  6°6°2   7°1  3°1  7°5  4°3  0°6  2°4  5*  42°7  0°5  4°4  4°4  2°-26*   26°7  8°2  8°6  5°5  5°7  2°4  1°6  3°1  8°2  5°5  9°3  8°7 
ST Segment Changes.
These occurred in only 1 case (no. 21) during the first reading after inflation of the cuff when the ST depression was increased (table VI) .
T Wave Changes.
In 9 cases the T wave changes occurred on inflation of the cuff whereas only in 1 case (no. 8) was a T wave change found on intubation. In this T2 and 3 were depressed by 2.0 mm. The T2 depression disappeared on inflation of the cuff and the T3 depression by the first reading after inflation of the cuff (table VTI) .
CONCLUSIONS
In the 40 cases studied no serious arrhythmia and no cardiac arrest was encountered. Care was taken to avoid hypoxia and hypercarbia and cyclopropane was not used. One case of nodal rhythm occurred on inflation of the cuff (no. 38), but on the other hand in 1 case (no. 29) ventricular extrasystoles which were present prior to intubation disappeared after intubation.
Rotation of the electrical axis occurred in the majority of cases on intubation and inflation of the cuff. The use of the three standard leads was necessary to detect these changes. On intubation the average rotation was -3° and on inflation of the cuff +3°.
The true QRS vector did not appear to show significant changes during intubation and inflation of the cuff, but the QRS voltage measured in a single lead showed changes due to axis rotation.
There was no significant correlation between the e.c.g. changes reported and those cases receiving hexamethonium or chlorpromazine.
The administration of hexamethonium eliminated the pressor response to intubation. The use of all three standard leads simultaneously is essential for a comprehensive interpretation of the e.c.g. changes which occur.
SUMMARY
The e.c.g. changes associated with intubation and inflation of the cuff using three standard leads have been studied in 40 cases.
The two most significant changes observed were, firstly, changes in the direction of the electrical axis which occurred in most cases and, secondly, the absence of a pressor response to intubation in those cases which received hexamethonium.
Changes in the P and T waves and in the PQ, QRS and QTc intervals are reported.
In one case a nodal rhythm occurred on inflation of the cuff, in a second case an ST depression increased after inflation and in a third case ventricular extrasystoles disappeared on intubation.
APPENDIX
The electrical axis direction of the QRS complex was calculated by measuring the magnitude of the height of the R and S peaks in leads I and m.
The lead I electric vector, Z,, is the algebraic sum of the heights of the R and S peaks and similarly I, is the electric vector for lead III.
Then it is easy to show that taD Sin 60°a
nd E = /j Sec V where V is the direction of the electric axis and E is the magnitude of the electric vector for the QRS complex.
E and V were calculated by the use of these formulae and form the basis of tables IV and V.
